Background/Aims: Biliary stone disease is one of the most common conditions leading to hospitalization. In addition to endoscopic retrograde cholangiopancreatography (ERCP), endoscopic ultrasonography (EUS) and magnetic resonance cholangiopancreatography (MRCP) are required in diagnosing choledocholithiasis. This study aimed to compare the sensitivity and specificity of EUS and MRCP against ERCP in diagnosing choledocholithiasis. Methods: This retrospective study was conducted after prospective collection of data involving 62 suspected choledocholithiasis patients who underwent ERCP from June 2013 to August 2014. Patients were divided into two groups. The first group (31 patients) underwent EUS and the second group (31 patients) underwent MRCP. Then, ERCP was performed in both groups. Sensitivity, specificity, and diagnostic accuracy of EUS and MRCP were determined by comparing them to ERCP, which is the gold standard. Results: The male to female ratio was 3:2. The mean ages were 47.25 years in the first group and 52.9 years in the second group. Sensitivity, specificity, accuracy, positive predictive value, and negative predictive value for EUS were 96%, 57%, 87%, 88%, and 80% respectively, and for MRCP were 81%, 40%, 68%, 74%, and 50%, respectively. Conclusions: EUS is a better diagnostic tool than MRCP for diagnosing choledocholithiasis. Clin Endosc 2017;50:486-490
INTRODUCTION
Biliary stone disease is one of the most common diseases leading to hospitalization. However, it is difficult to determine the prevalence of gallstones in the general population because biliary stone disease is often asymptomatic. Only one-third of gallstones cause symptoms or complications, such as choledocholithiasis. [1] [2] [3] A study in 2007 among patients who underwent endoscopic retrograde cholangiopancreatography (ERCP) associated with obstructive jaundice showed that choledocholithiasis is the most common cause of obstructive jaundice (54%). It also causes tumors in papilla of Vater (17%), pancreatic head tumor (13%), common bile duct (CBD) stricture (5%), cholangiocarcinoma (2%), Klatskin tumor (2%), and unidentified etiology (7%). 4 Among patients with symptomatic gallstones indicated for cholecystectomy, accurate preoperative detection of choledocholithiasis is required to decrease the operative risk and health care costs. 5 Multiple modalities are available to confirm the diagnosis of choledocholithiasis, including clinical symp-toms, laboratory findings, transabdominal ultrasonography (TUS), computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP), endoscopic ultrasonography (EUS), and ERCP. Intraoperative cholangiography (IOC) during cholecystectomy can also be used to diagnose choledocholithiasis.
The sensitivity and specificity of imaging modalities are important in the diagnosis of choledocholithiasis. Imaging modalities should be able to detect the presence of small stones in the bile duct. Despite the high sensitivity of TUS for diagnosing cholelithiasis, identifying choledocholithiasis with TUS is difficult. CT has a greater sensitivity than TUS for diagnosing choledocholithiasis, but the level of radiation and cost have limited its use as the first-line tool for diagnosing choledocholithiasis. Nonsurgical imaging modalities including MRCP, EUS, and ERCP provide true visualization of choledocholithiasis with comparable sensitivities. 1 In the past decades, ERCP has become the gold standard for the diagnosis of choledocholithiasis, especially in patients with biliary tract obstruction that cannot be detected by TUS alone. Although ERCP is the gold standard for diagnosing choledocholithiasis, this procedure is highly dependent on operator skill and experience, and is associated with several complications such as pancreatitis, cholangitis, bleeding, and bowel perforation. A meta-analysis summarized the results of 21 prospective studies and found an average prevalence of post-ERCP pancreatitis (PEP) of 3.5% (range, 1.6%-15.7%). 6 Other complications of ERCP include bleeding (1.3%), perforation (0.1%-0.6%), cholangitis (1%), and cholecystitis (0.2%-0.5%). In addition, the percentage of deaths occurring as a consequence of any complication of ERCP has been reported to be 0.33%. 5, 6 A higher rate of PEP of 26.5% was reported in a prospective study conducted in our hospital. 7 ERCP is reserved exclusively for therapeutic purposes because of the risks, and EUS and MRCP have become the modalities of choice for diagnosing choledocholithiasis. [1] [2] [3] MRCP is a widely used noninvasive imaging technique for the evaluation of choledocholithiasis usually associated with CBD dilatation, and its diagnostic results are similar to those of ERCP. However, MRCP is used only in patients with clear indications because of its limitations. CBD dilatation can have diverse causes. Therefore, once MRCP demonstrates only a mildly dilated CBD, the physician is faced with the decision whether to investigate further using ERCP or to stop all investigations under the presumption that the dilatation reflects a normal variant. Despite improvements in MRCP techniques for imaging biliary abnormalities, its role is limited by the need for contrast agents and the inability to provide a histological diagnosis. Thus, EUS has emerged as an important tool for evaluating biliary disease. EUS can provide the opportunity to take biopsy samples for histopathologic examination and to determine the invasion and local staging of malignant lesions. EUS is also considered to be a superior diagnostic modality for evaluating unexplained CBD dilatation whose cause is inconclusive with MRCP. The increasing availability of EUS in hospitals and the greater diagnostic accuracy compared with MRCP suggest that EUS should be considered in the management of choledocholithiasis. 3, 5, 8, 9 The aim of this study was to compare the performance between EUS and MRCP in terms of the accuracy, sensitivity, and specificity for diagnosing choledocholithiasis, with ERCP as the gold standard.
MATERIALS AND METHODS

Patient recruitment
We consecutively enrolled 62 patients who underwent ERCP for suspected choledocholithiasis in our hospital from June 2013 to August 2014. The diagnosis was based on symptoms (most patients complained of upper right abdomen or epigastric pain and jaundice), laboratory findings (elevated liver enzymes especially alkaline phosphatase and gamma-glutamyl transferase, elevated bilirubin level), and abdominal ultrasonography examination (most patients were found to have dilated extrahepatic and intrahepatic bile ducts due to suspected choledocholithiasis). Patients with suspected sludge on the CBD were excluded. The patients were divided into two groups alternatingly; 31 patients underwent EUS and 31 patients underwent MRCP. After EUS or MRCP were performed, the patients underwent ERCP. The data were obtained from case report forms completed during the procedure.
Methods
All patients suspected of choledocholithiasis were diagnosed based on symptoms, laboratory findings, and ultrasonography results. Hematologic and biochemical tests were performed on all patients shortly after admission. TUS was performed on all patients by an expert ultrasonographer. On the first group, MRCP was performed using a 1.5 T magnetic resonance imaging (MRI) system (General Electric Medical System, USA), in which no medication or contrast medium was administered. On the second group, EUS was performed using a radial scope (Olympus Co., Japan) with a frequency of 6-7.5 MHz. ERCP was performed with a standard duodenoscope (TJF 180, Olympus Co., Japan) and a 1:1 diluted contrast medium.
Data collection and analysis
Patients aged 18-65 years who were diagnosed with cho-ledocholithiasis on the basis of clinical symptoms and radiological findings and who underwent either EUS or MRCP followed by ERCP were included in this study. Patients who refused to take part in this study and patients with contraindications for ERCP, such as hemodynamic instability, were excluded. The sensitivity, specificity, and diagnostic accuracy of EUS and MRCP were determined for the diagnosis of choledocholithiasis. The gold standard for the diagnosis of choledocholithiasis was ERCP. All procedures were performed by experienced doctors.
The following were assessed before and after the procedure: demographic data; clinical symptoms such as abdominal pain, dyspepsia, jaundice, nausea, vomiting, and fever; ultrasonography findings; laboratory findings; and the results of EUS or MRCP and ERCP. Statistical analysis was performed using Statistical Package for Social Sciences software version 21.0 (IBM SPSS, IBM Corp., Armonk, NY, USA).
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RESULTS
Most patients in this study were men, with a male to female ratio of 3:2. The mean age was 52.9 years (standard deviation [SD] 13.31) in the MRCP group and 47.26 years (SD 11.04) in the EUS group. EUS had higher sensitivity (96%), specificity (57%), and accuracy (87%) compared to MRCP in diagnosing choledocholithiasis.
The positive predictive value (PPV) and negative predictive value (NPV) of EUS were 88% and 80%, respectively. The PPV and NPV of MRCP were 74% and 50%, respectively, which were lower than that of the EUS. Tables 1 and 2 present the diagnostic values for each procedure.
Among 26 patients in this study with suspected choledocholithiasis who underwent EUS examination, 23 patients were found to have choledocholithiasis using ERCP. This means that the EUS stone detection rate was 88%. On the other hand, among 23 patients with suspected choledocholithiasis who underwent MRCP examination, 17 patients were found to have choledocholithiasis by ERCP. This means that the MRCP stone detection rate was 73.4%.
DISCUSSION
Choledocholithiasis refers to the presence of gallstones within the CBD that usually originate from the gall bladder and pass into the CBD. Sometimes, the signs and symptoms alone are not a good predictor of the presence of choledocholithiasis, and various examinations are needed to make the diagnosis. An accurate, minimally invasive, and safe method is required to diagnose choledocholithiasis. 10, 11 Choledocholithiasis can be evaluated using several modalities. TUS is usually the first investigation for patients with suspected biliary diseases because it is safe for almost all patients. Choledocholithiasis is often missed on TUS because it has a relatively low sensitivity (15%-40%), although, its sensitivity is better for detecting CBD dilatation (77%-87%). MRCP and EUS are other reliable procedures used to evaluate choledocholithiasis and have few risks and complications. 5, 9 From the data, we can conclude that the ability of EUS to diagnose true positive patients with choledocholithiasis was higher than MRCP (sensitivity 96% vs. 81%). EUS exam- ination was also better for diagnosing true negative patients than MRCP (specificity 50% vs. 40%). The PPV of EUS was 85%, which indicates an 85% probability of a patient with choledocholithiasis having positive diagnostic test results; its NPV was 80%, which indicates an 80% probability of a patient without choledocholithiasis having negative diagnostic test results. These PPV and NPV results are greater than MRCP results (PPV 74%; NPV 50%). Thus, in our study, EUS was superior to MRCP for detecting choledocholithiasis, which was also confirmed using ERCP. In this study, the specificity of EUS and MRCP were lower than their sensitivity and accuracy. This result could be because of the high number of true negative and false positive cases for both EUS and MRCP, which indicates that the ability of the examiner to diagnose choledocholithiasis using those two modalities still needs to be developed, especially for diagnosing the small stones of choledocholithiasis.
Alhayaf et al. studied 90 patients who underwent EUS for suspected biliary tract abnormalities and reported 100% sensitivity and 96% specificity for EUS for diagnosing choledocholithiasis compared with ERCP as the gold standard. 11 Eshghi and Abdi studied 30 patients with gallstones and suspected choledocholithiasis based on an abnormal serum liver test and CBD dilation >7 mm on TUS who underwent MRCP followed by open cholecystectomy and IOC.
12 They reported 81.8% sensitivity and 87.5% specificity for MRCP in detecting choledocholithiasis; the PPV was 94.7% and NPV was 63.3%. 12 Freitas et al. reviewed multiple modalities used to detect choledocholithiasis including laboratory tests, TUS, EUS, CT, and MRCP. 2 The specificity of EUS was 96%-100% and that of MRCP was 92%-100%. 2 These findings suggest that these two modalities should be considered comparable to ERCP, which is the gold standard for the diagnosis of choledocholithiasis. Compared with ERCP, it was difficult to detect choledocholithiasis caused by stones <5 mm in diameter using MRCP.
3 MRCP is also an expensive procedure that requires significant expertise for interpretation and is not always available to health care providers. In this situation, EUS is considered as a superior diagnostic modality for evaluating unexplained CBD dilatation that is inconclusive with MRCP. Using EUS to detect small stones (<5 mm) is better because it can provide high-resolution images and offers the distinct advantage of dynamic imaging in real time compared with MRCP. 3, 8, 13 A study by Tozzi di Angelo et al. evaluated the sensitivity, specificity, and accuracy of EUS and TUS compared with ERCP in 100 patients with a diagnosis of extrahepatic biliary obstruction.
14 The sensitivity and accuracy of EUS for diagnosing CBD dilatation were 84% and 83%, respectively, which were higher than the values obtained with TUS (46% and 66%, respectively). However, the specificity of the two methods did not differ significantly. Palmucci et al. prospectively studied MRCP and EUS in 45 patients with extrahepatic biliary dilatation as shown by TUS, and did not find significant differences between EUS and MRCP for diagnostic accuracy. 15 MRCP had 88.9% diagnostic accuracy, 91.9% sensitivity, 75% specificity, 94.4% PPV, and 66.7% NPV; EUS had 93.3% diagnostic accuracy, 97.3% sensitivity, 75% specificity, 94.7% PPV, and 85.7% NPV. 15 Both modalities were highly accurate in detecting CBD stones but EUS had a slightly greater accuracy than MRCP. These results are similar to those reported by Aubé et al. and McMahon, who concluded that in patients with suspicion of mild to moderate choledocholithiasis, the accuracies of MRCP and EUS are similar. 16, 17 Sotoudehmanesh et al. used EUS in patients with pancreatobiliary disease referred for ERCP because of inconclusive MRCP. 18 They found that EUS was a useful modality for confirming the diagnosis in cases of inconclusive MRCP indicating pancreatobiliary disorders.
Systematic reviews have compared the use of EUS and MRCP for diagnosing choledocholithiasis and have found similar results. Verma et al. performed a systematic review of five randomized, prospective blinded trials comparing 22 MRCP and EUS for the detection of choledocholithiasis, with ERCP or IOC as the gold standard. 19 They found that EUS and MRCP had high diagnostic performance overall and that the performance did not differ significantly between the two methods. 19 Giljaca et al., in another recent systematic review, also concluded that EUS and MRCP have similar diagnostic accuracy for identifying choledocholithiasis. 20 Performing EUS and ERCP consecutively in the same session has been shown to be safer than performing ERCP in a separate session, as shown in a study conducted by Benjaminov et al. 21 This study found that performing ERCP in a separate session postponed treatment and resulted in significant biliary complications (including cholangitis and pancreatitis) in 14% of patients. This is similar to MRCP, which is performed by a radiologist and is usually performed in a different location and often on a different day; it is therefore less convenient for patients. To offer a convenient treatment, especially for low-to-moderate risk patients, EUS should be considered when MRCP is negative in patients with a moderate or high pretest probability, and ERCP should be performed immediately after stones are detected by EUS while the patient remains sedated. American Society for Gastrointestinal Endoscopy (ASGE) Standards of Practice Committee described clinical predictors as a proposed strategy to assign risk of choledocholithiasis in patients with symptomatic cholelithiasis that should also be considered in patients with suspected choledocholithiasis as presented in Table 3 . 22 
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